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MEMORANDUM FOR DR, SEAMANS

This 43 in reply to your memorsndum dated June 30, 1969, per-
teining to the establishment of an Ad Hoc Group to review MOL hardware,
technology and experience to insure that maximum national benefit

i3 derived therefrom.

The Ad Hoc Group was established under the chalirmanship of
Dr. M. I. Yarymovych, and their report is transmitied herewith. The
report is divided into two volumes. Volume I contains the sumwry
and the conclusions, the MOL system development status at time of
terminetion, the residuals and technology selected for apeclsl
consideration snd related planning considerations. Volume II contains
the Appendixes which include supporting documentation snd materisl

reviewed by the Group.

I have reviewed the Ad Hoc Group's report and concur with their
findings and recommendstions, and I commend it to you for your approval

of the recommended actions,

2 Attachments

1. Review of MOL Residuals, Signed: - '
Vol I, (C) : RENT L HANSEN
2. Review of MOL Residuals, fssistant Sacvetary
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I, SUMMARY AND CONCLUSIONS

As directed by the Secretary of the Air Force, an Ad Hoc Group on
MOL Residuals was organized to insure that maximum national benefit is
realized from the MOL Program hardware, technology, and experience. In
fulfilling its charter, the Group made a comprehensive review of the
significant hardware, facilities, and technology available. The review
included detailed presentations by the MOL Systems Office, the Space and
Missiles Systems Organization, and the Aerospace Medical Division and
stimulated a number of investigations of various areas by potential users.

Additionally, McDonnell Douglas Astronautics Corporation end General
Electric Company presented to the Ad Hoc Group suggeétions on possible uses of
their developed hardware, technology, and experience,

Review and deliberations by the Group verified that the originally
approved conceptual approach--that flight demonstrated hardware and proven
technology be used to the maximum extent possible to achieve a highly reliable
and operational system at the outset--was closely followed. The approach
included the use of a modified Gemini reentry vehicle and space suit and
proven space vehicle structural design and fabrication techniques. Modified
or adapted Apollo subsystems and components and a modified Titen III booster
for improved performance and man-rated safety were also used. Particularly
close coordination and standardization between NASA and the Air Force was

evident in the crew-related and fire-resistant materials areas,
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In spite of the extensive utilization or adaptation of available hard-
ware and technology, the MOL Program was a massive engineering undertaking
to develop an efficient system useful for low-altitude, long-duration
operations. A sizable portion of the engineering test hardware had been
completed, and fabrication of flight articles had commenced.

All the significant MOL hardware, test and checkout equipment, facilities
and technology were identified and the potential use to DoD and/or NASA
was assessed. The disposition actions and plans of the MOL Program/Systems
Office are generally concurred in by the Group. Furthermore, the plans
insure that all possible beneficiaries of Government and industry are
afforded an opportunity to review the residual inventories and assess their
needs in accordance with the established priority although the beneficiary
may not have been represented by membership on the Group.

Specifically, the following actions were underway and the Group concurs
with their implementations:

| 1., The crew-related equipment which includes feeding systems,
MOL suit development, and environmental control components have direct
application to NASA manned programs. The feeding system contract is being
transferred to NASA, and the waste management components and technologies are
made available to NASA through the mutual contractor, The oxygen sensor
components and the MOL development and training pressure suits will be
transferred to NASA,

2. The Gemini Aerospace Ground‘Equipment was ériginally obtained

from NASA and it will be returned to NASA as specified in the original agreement.
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3. Space Launch Complex No. 6 will be "mothballed" and maintained
in a "down-mode" for possible use on future programs. The MOL Support
Facilities at Vandenberg will be reallocated to other users.

4. Air Force Satellite Control Facility's Advanced Data System
and MOL-associated tasks were cancelled and a study to determine the use
of the Advanced Satellite Test Center has been initiated.

5. The requirement for the Recovery Staging Base at Easter
Island was cancelled.

6. The essential MOL development work that must be continued in
other Air Force projects was associasted with Titan IIIM. This involves
design improvements and quelification tests that were slated for integration
in other Titan III programs to improve payload capability and to preclude
re-procuring of earlier obsolete configurations, :The essential development
effort has been trensferred to the Titan III R&D program, Studies are
presently underway to consider the most effective application of residual

Titan IIIM test equipment.

A number of items were identified by the Group as requiring special
consideration by the DoD and/or NASA, It is recommended that the following
specific actions be taken:

1. The Air Force Systems Command (AFSC) and the Air Staff should
evaluate the SAMSO study on use of the Titan III automatic checkout equipment
(CAGE) and make recommendations to the Assistant Secretary of the Air Force

for R&D (SAFRD) by September 1, 1969.

—CONFIBERHAL
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2. NASA should submit their recommendation on their use of
simulators and checkout systems to SAFRD by September 1, 1969. Any conflict
between the Air Force and NASA needs will be resclved by SAFRD.

3, All general purpose computers should be listed for inventory
and disposition in accordance with Armed Services Procurement Regulations
as planned; however, disposition of those computers assoclated with the
simulators and checkout systems mentioned abové should be held in abeyance
until completion of the above studiles.

4. The MOL fuel cell hardware should be transferred to the
AF Aero Propulsion Laboratory.

5. The AF Rocket Propulsion Laboratory should have first priority
on the Atti'bixde Control Engines. The remaining engines and associated
tankage and valving should be transferred to NASA, Langley Research Center,

6., AFSC end the Alr Staff should 1nvéstigate Air Force spece
and seronautical systems need for the MOL 4 Pi Extended Performance flight’
computers and advise the appropriate Termination Contracting Officer. If
not needed by the Air Force, the hardware may then be transferred to NASA.

7. The hardware for the Expandable Airlock Experiment for the
Apollo Applications Program (DO21) should be ‘held in storage pending
resolution of NASA's plans for the dry workshop. Inasmuch as the flight
hardware is completed and NASA has expended most of the integration effort,
it may be appropriate to continue this experiment. The Director of
Laboratories should review thls matter with the Air Staff and NASA., The

Expandable Reentry Structure experiment (D022) should be cancelled.
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8. In its charge to identify desirable MOL technology which
might be continued, the Ad Hoc Group carefully reviewed the Biotechnology
area. The Group concluded that in the future the difference between flight
in manned spacecraft and high performance aircra;ft will become indistinguish-
able. Also, NASA relies heavily upon the Air Force Aerospace Medical
Division (AMD),and it would be wasteful of national resources to establish
a similar capability at NASA., Therefore, the Group recommends that
continuation of a balanced activity in biotechnology is appropriate and
desirable. In this context, for example, the Whole Body Exercise effort
to improve crew conditioning techniques, which has been under development
in-house by the AMD for MOL, should be continued because of its significant
contribution to NASA and future Air Force programs. Also, the AFSC and
NASA should jointly study the possibility of developing a value of man
experiment in AAP to replace the data which would. have been gained from MOL,

9. The Air Force Experiments for the NASA Apollo Applications
Program, Human Mass Measuring Device (M-l"{é and M-O‘?ll-), should be continued
as joint NASA/DoD efforts as presently negotiated a.nd_ procured. The MOL
Suit Donning and Sleep Station Evaluation (DO19), and Alternate Restraints
Evaluation (D020) experiments should be transferred to NASA by Maﬁned Space
Flight Experiment Board action,

10, NASA should be encouraged by SAFRD to continue development
of the MOL suit., If NASA elects to continue the development effort, a
limited number of Air Force personnel associated with the suit development

should be detailed to support the NASA effort.
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11. The desirable technology items related to MOL which might
be continued as follow-on Exploratory or Advanced Development projects were
identified. Important adaptations and technological developments evolved
during the development phase of the MOL program and,it is considered
highly desirable to have special papers or reports written in each area
and provided to the scientific and engineering communities. Wide
distribution would help insure that maximum national benefit is derived
from MOL technologies. Because of the potential benefit and the small
costs involved to provide the papers, the Group believes that the MOL
Program Office should invite the respective contractors to prepare the
reports and make publication possible after screening by the appropriate
Air Force Laboratory. '

Although the Group has attempted to assess all known needs, undoubtedly
additional requirements exist,and the various Alr Force elements should be
encouraged to establish them with the appropriate Termination Contracting

Officers at the contractors' plants.
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II. INTRODUCTION

Cancellation of the Manned Orbiting Leboratory (MOL) Program was
publicly announced by the Secretary of Defense on June 10, 1969.
Simultaneously, in accord with the Secretary's direction for an orderly
closeout of MOL activities, the Air Force issued termination, partial-
termination, or stop-work notices, as appropriate, to MOL contractors.
Review of various contractual efforts for possible application in other
projects were initiated immediately by National Aercnautics and Space
Administration (NASA) and Space and Missile Systems Organization (SAMSO)
in conjunction with the MOL Systems Office,

On June 30, the Secretary of the Air Force (SECAF) directed the
Assistant Secretary of the Air Force for Research and Development toO
establish an Ad Hoc Group of appropriate individuals to conduct a formal,
comprehensive review of MOL residuals to insure that maximum national
benefit was realized from MOL hardware, technology and experience. The
objectives of the Group included the identification of all significant MOL
Program residuals that might be useful to DOD and/or NASA and review of the
disposition actions and plans and recommendations thereof. Also the objective
included the identification and recommended courses of action for essential
MOL work which must be carried on in other Air Force projects as well as
desirable MOL technology which might be continued. The Group consisted not
only of representatives from various Air Force organizations, but also had
member representatives from - the Office of the Secretary of Defense and the

National Aeronautics and Space Administration. The Ad Hoc Group reviewed
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the status of all systems and major subsystems of the MOL Program. They
also heard views of the major associate contractors regarding their
suggestions on utilization of MOL Program residusls, Appendixes to this
report include the directive from SECAF establishing the Ad Hoe Group,
the composition of the Group and a summary of its activities.

From the outset of the MOL Program, it was fundamental that flight-
demonstrated hardwere and proven technology would be used to the maximum
extent possible. The reason for that approach was to gfchieve a highly
reliable and operational space test bed, so that primary emphasis could
be focused on the basic MOL objectives, i.e.,the determination of the
extent of man's utility in space for military purposes, and the development
of experimental hardware for both menned and unmanned defense space
applications,

At the beginning of the review by the Ad Hoc Group, it became obvious
to all concerned that the tangible residual benefits of‘ the MOL Program, in
terms of advanced technology and hardware directly applicsble to other
military and civilian undertakings, would be relatively modest when measured
against the sizeable investment since engineering development was initiated.

The review by the Ad Hoc Group revealed that a sizeable percentage of
the engineering test hardware had been completed, and fabrication of flight
articles had c§nmenced. In this regard, an ummeasurable but real benefit
of the program is the expansion of manned spaceflight hnow-how across a

broad segment of industry and Govermment.

10
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The report is divided into three major sectionms. First, (Section III)
is a summary of the MOL systems status at the time of termination. Secondly,
subsystems and facilities reviewed for possible use other than routine
disposition are documented in Section IV. This section also contains
discussions on essential work that must be continued and ongoing or
projected technology developments outside the MOL Program which might have
had an application to future MOL growth vera.ions.

The MOL Systems Office is in the process of carrying out termination
procedures per applicable regulations., The Group did not comsider it
within its responsibility to modify or redirect the normal termination
and disposition activities. It only attempted to review the total activity
to assure that all elements were considered and to make recommendations to
the MOL Systems Office as well as to potential users of MOL hardware and
technology regarding disposition alternatives,

In considering future planning, the Group beceme concerned that
cancellation of MOL might precipitate an extended withdrawal by the DoD
from space-related activities. This subject is discussed in Section V of
the report.

The Group did not review personnel resssigmments or manpower positions

because another Ad Hoc Group has addressed the subject.

11
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III. MOL SYSTEM DEVELOPMENT STATUS SUMMARY AT TIME OF TERMINATION

A, MAJOR SYSTEM SEGMENTS

At termination on June 10, 1969, the MOL Development Program was well
into the engineefing development which had begun in late 1966. Every
component and suﬁ§ystem of the total MOL vehicle had been defined and
designed in detaii. A1l of the hardware components were in some stage of
fabrication, and the initial development testing of many of them had been
completed. In some instances long=-lead hardware items, particularly in
the ground support equipment category, had advanced into manufacturing and
were scheduled for early delivery during CY 1969 and CY 1970. Construction
of major facilities was scheduled for completion in mid-1969.

The estimated status of completion of all the significant hardware
being developed within the MOL Program at the time of program termination
is presented in summary regardless of current diéposition or other utilization.
A more detasiled compilation of the significant hardware developments is
contained in Volume II, Appendix E which consists of a number of briefings
presented by the responsible MOL Systems Office development mansgers to the
Ad Hoc Committee on July 10, 1969. Although ﬁortions of Appendix E differ
in context and format, they contain, in summary, a complete and detailed
presentation of the significant developments as evaluated at the timé of
program termination.

It should be noted that the stages of hardware development varied

among MOL contractors depending on the maturity of hardware. For example,

12
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because the Gemini B was largely a direct adaptation of the NASA Gemini,

its development status, except for one or two significant modifications,

was largely complete; and the next step was initiation of all manufacturing.
The MOL System development was characterized by the division of the

MOL vehicle into major segments managed by associate contractors.

Segment Associate Contractor
Laboratory Module (LM) McDonnell Douglas, Western Division

Huntington Beach, Calif. (MDAC-WD)

Mission Module (MM) Genersl Electric Company (GE)
King of Prussia, Pa.

Gemini B {GB) McDonnell Douglas, Eastern Division:
St. Louis, Mo. (MDAC-ED)

Titen ITIM Booster (T-IIIM)

(Vehicle System) Martin Marietta Corporation (MMC)
' Denver, Colo.

(Liquid Engines) Aerojet General Corporation (AGC)
Azuza, Calif,

(Guidance) AC Electronics Division (ACED)
Milwaukee, Wisconsin

(Solid Rocket Motors) United Technology Corporation (UTC)
Sacramento, Calif, '

Pressure Suit Assembly (PSA) Hamilton Standard (HS)
Hartford, Conn.

MOL Feeding System Whirlpool (WP)
St. Joseph, Michigan

B, COMPLETION STATUS
The following tables summarize the status of completion of the major

MOL hardware developments at the time of termination. All estimates reflect

13
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normal percentage of the complete effort associated with the particular

development., For a particular subsystem the percent completion is based

on the amount expended up to termination and the total cost to carry that

particular efforﬁ through the complete MOL Program cycle including flight.

MOL Segment
LABORATORY VEHICLE

Subsystems

Mission Module Structure

Laboratory Module Structure

Attitude Control and Translation
Environmental Control

Data Management

Instrumentation Displays and Consoles
Communications

Electrical Power

Crew Status Monitoring

Crew Station and Accommodsations

Subcontracts/Subcontractor

ACTS~SCE

Low and High Thrustor Assembly
Propellant Tank Assembly
Primary Power
Environmental Control
Waste Management
Atmosphere Reactants Supply
Communications

Command Subsystem Group
Pulse Code Mod Assembly
Data Computation Subsystem
Monitor and Alarm

TITAN ITIM

Subsystem

T-IIIM Booster
Liquid Engines
Guidance '

Solid Rocket Motors

1k

Contractor

MDAC-WD

Honeywell
Marquardt
Rocketdyne
Allis-Chalmers
Hamilton Standard
Fairchild Hiller
AiResearch
Collins
Radiation
Radiation

IBM

Radiation

MMC

Completion
Status (Percent)

Lo
38

Lo

83
50

SYB&K
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MOL Segment
GEMINI B
Subsystem

Guidance and Control
Environmental Control
Instrumentation
Voice and Tracking
Ejection Seat
Electrical
Propulsion
Pyrotechnic

Landing and Recovery
Crew Station

Reentry Module Structure
Adapter Structure

MISSION PAYIOAD

Subcontract /Subcontractor
Low "G" Accelerometer
Visual Display Projector
Star Tracker
Computer Integrated Test
Equipment (CITE)
PRESSURE SUIT ASSEMBLY
FEEDING SYSTEM
SPACE LAUNCH COMPLEX #6

MOL SUPPORT FACILITIES

Contractor

MDAC-ED

GE

Bell

Lear Seilgler
Kollsman

GE

Hamiltoh Standard
Whirlpool

Corps of Engineers

Corps of Engineers

Completion
Status (Percent)

35
20

L5
75
60
50
25

55
50

23
L2
52

52
29
68
92
80

The MOL development program was supported by a mixture of government-

owned and contractor-owned facilities.,

at the AF Western Test Range and the AF Satellite Test

The government facilities were located

Center at Sunnyvale,

California. All of the facilities at the contractor locations were con-

tractor owned. A detalled identification of all these facilities is provided

in Appendix D.

15
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IV. RESIDUALS AND TECHNOLOGY SELECTED FOR SPECIAL CONSIDERATION

During the review and evaluation of the complete MOL system develop-
ment status, the group identified specific items of hardware and technology
for which special consideration and requirements for exploitation are
desired. Whereas ; it is recognized that all possible users were not
represented, the me;nbers did, however, represent all of the likely
beneficiaries of MOL residuals. The established MOL hardware-disposition
plan and priorities insure distribution and listing of residual inventories
to other possible beneficiaries as soon as the inventories become available.
Forecast dates for individual contractor inventory disposition are contained
in Appendix E. ) ' ,

There were a total of 21 individual items selected for special con- ‘
sideration. They are divided into hardware, facilities, and related technology.
Each item is treated as a separate subject in a standard format covering the
situation, rationale for proposed action,and proposed action. Below is a
list of the items discussed.

1. Food and Feeding System

2. MOL Suit Development

3. Waste Management Subsystem

L, Two Gas Controller

5. Laboratory Module Simulator

6. Computer Integrated Test Equipment

7. Data Processing Equipment

16 o)
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9.
10.
11,
12,
13.
1k,
15.
16.
17.
18,
19.
20.

Gemini Aerospace Ground Equipment

Fuel Cells

Attitude Control Engine

MOL Flight Computer

Mass Measuring Device

MOL Related Experiments Assigned to AAP
Titan IIIM Hardware and Development Effort
MOL Support Facilities

Space Launch Complex No. 6

Air Force Satellite Control Facility

Recovery Staging Base

Technological Achievements Suitable for Publication

MOL Crew Whole Body Exerciser

Expandable Structures

17
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.

MOL HARDWARE

18
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1. Food and Feeding System

Situation: The U,S. Air Force and NASA have been engaged in a
joint program, directed toward development of in-flight food and food
preparation and eating techniques for approximately six years. The MOL
Program termination requires that NASA review the activity in in-flight
food development which was sponsored at this time by the U.S. Air Force.
NASA has expressed willingness to assume contractual and technical
management responsibilities of the MOL contract with Whirlpool Corporation,
for one year, beginning July 31, 1969, (Option A). Any time during this
year NASA may extend the contract béyond July 31, 1970, (Option B); and,
at any further time, NASA may elect to contract for production (Option C).
Agreements were reached for the implementation of contractual transfe;;; ’ {
to NASA/MSC by July 31, 1969. | |
Rationale for Proposed Action: The Food and Feeding System is

a joint effort with NASA,and the system is presently being used on Apollo.

Proposed Action: The Group concurs with the action to transfer

the Whirlpool contract to NASA by July 31, 1969.

19
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2. MOL Suit Development

Situation: Immediately following the announcement of cancellation
of the MOL proéram, NASA requested that the Air Force continue the Hamilton-
Standard contract on suit development through July 3, l§69, on a minimum
expenditure basis, This action was taken to permit the contractor to
incorporate a number of mandatory changes into suits nearing completion.
Although the Air Force contract will not, by July 31, 1969, result in
delivery of flight-qualified suits, approximately 13 training suits and
a number of development suits and components will have been delivered.

Rationale for Proposed Action: NASA, because of unique require-

ments imposed by lunar-surface extra~-vehicular activity, and other Apollo
and Apollo Applications considerations, has a vigorous suit-development
program underway at MSC. The MOL suit had unique mobility and self-donning
features, however, which may be very useful for AAP. The Air Force depended
heavily upon the MOL suit development for the advancement of suit technology .and
in-house R&D had been reduced under pressure ‘of 8 squeeze On resources,
Cancellation of the MOL undercut the in-Air Force program. Althouéh the

Air Force closely cooperates with NASA in the area of suit development, it
still will require the re-establishment of a vigorous in-house suit develop=-
ment program in order that it can support its high-altitude aircraft programs
as well as maintaining a competence in space-suit technology. At least, as
an interim measure, the Air Force should transfer MOL suits and suit

personnel to NASA in order that the technology and experience levels will

20
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be maintained while the Air Force is re-establishing its in-laboratory
program,

Proposed Action: The Air Force should re-establish its exploratory

development proéram for space-suit téchnology. Initially, MOL training

and development suits should be transferred to NASA,and RASA should continue
development of the MOL suit. Air Force persomnel to support this work
should be detaileé to NASA until an in-house program can be re-established
to maintain capabiiities for the future in this area.

~?k"n b
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3.' Waste Management Subsystem

Situation: The Fairchild-Hiller Corporation has been under
contract for major elements of the MOL Waste Management System. In mid-
February, 1969, NASA, through the McDonnell Douglas Corporation, contracted
with the same corporation for the adaptation of certain MOL system components
and technology to satisfy the requirements of the Apollo Applications
Program. ’The waste management subsystem is part of the Environmental Life
Support System ahd the contract was terminated.

Rationale for Proposed Action: This system development is unique_ly

applicable to the NASA waste management system because of the inter-relation-
ship of the Air Force and NASA efforts,

Proposed Action: The group concurs tﬁat Aall of the tooling and

development and test components produced under the MOL contract should be

transferred to NASA,

22
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4, Two-Gas Controller

Situation: The basic method of controlling the atmospheric gas
in NASA's Apollo Application Program (AAP) is very similar to that planned
for MOL. Both systems sense total pressure and partial pressure of oxygen.
The two systems vary in the hardware implementation of the control valving;
MOL uses an glectronic controller whereas AAP uses the flight proven Apollo
cabin pressure regulator in conjunction with a solenoid valve. The contract

for the two-gas controller was terminated.

Rationale for Proposed Action: Because of the similarity and

the proven flight experience of most of the AAP components,there does not
appear to be an advantage to consider the MOL two-gas controller hardwaré
as a system for AAP, However, the MOL partial pressure sensors will aid
in the testing and verification of the AAP system.

Proposed Action: The MOL partial pressure sensors should be

transferred to NASA. The remaining components should be. placed on inventory

for disposition.

23
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5. Laboratory Module Simulator

Situation: As a portion of their overall responsibility,
McDonnell Douglas.Western Division has been upder contract to develop a
laboratory modulé similator., Major elements of the simulator include a
functioning representation of the laboratory module itself, extensive
stimulus generating and recofding peripheral equipment, and operating
consoles. Although the system was directly applicable to the MOL program,
much of the logic behind its development, and meny of its subsystems and
components, are applicable to a range of manned space systems., At the
time of cancellation the simulator basic hardware was checked out and
operational. Real-time support-system software was coded and checked out.

Rationale for Proposed Action: The most effective utilization

of the government investment in the simulator will be realized if it can

be adapted to another manned space.flight progfam. If it is not economically
feasible to employ it in this application, disposition of individual com-
ponents can be made separately, but the net return from the investment

to date will be significantly reduced.

Proposed Action: The contractor should be .requested to consider,

with appropriate personnel within NASA, the possible‘use of the simulator
in the NASA Manned Space Flight Program. This should be determined prior
to September 1, 1969, to allow timely disposition of the associated computers

if a requirement is not established.

24
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Rationale for Proposed Action: CITE and ACE-S/C equipment was

designed and produced by General Electric, The ACE design preceded the
CITE design by a number of years; therefore, CITE represents a second
generation of automatic check-out equipment and may have a direct
undating application to the ACE equipment now in use and/or other NASA
programs. Also, CITE, with its computers, may be desirable for use
with Air Force programs within SAMSO.

Proposed Action: The group recommends that the NASA work with

the Air Force termination officer to identify those specific items of
hardware which cen be used in the NASA progrem; and when the equipment

is adequately dentified, these items should be transferred to the NASA if
there are no Air Force requirements. Also, the geouprecommends that a
study be conducted by SAMSO to determine possible uses of CITE . as a
system. The computers associated with CITE should not be dispositioned

until the SAMSO study is completed by September 1, 1969.

26
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‘6. _Computer Integrated Test Equipment (CITE):
Situation: CITE basically consists of the following categories

of items:

8. Computer System - SDS 9300 Computers, Associated
Peripheral Equipment and Input/Output Devices

b. Command Link

c. Downlink Automatj.c Ground Equipment

d., PCM Acquisition Systenm

e, Timing System

f. Display System

g. MOL/Ground Interface Equipment

A preliminary review by NASA has indicated that there are considerable
benefits to be gained if certain technology, documentation, and hardware
associated with CITE could be made aﬁnable. The CITE Ground Test and
Checkout E_quipmént could be of benefit in furthering the Manned Spacecraft
Center (MSC) ground checkout and test goals of sutomating and reducing the
number of test consoles and test personnel required for checkout operations.
It is possible that CITE modules and/or components have direct commonality

features with the NASA Automatic Checkout Equipment-Spacecraft (ACE-S/C)
systems, so that existing components could be utilized to support
operational ACE Station. As soon as the Air Force can provide termination
inventories and permit direct c§ntact with the manufacturer, the value of

the existing inventory to the NASA program can be more clearly defined.

25
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o Data Processing Equipment
Situation: The MOL surplus data processing equipment consists
of a total of 17 computers as follows:
4 - SDS 9300 located at MDAC at Huntington Beach for use in

the A1l Systems Test Equipment Group (ASTEG).

n
[}

SDS 9300 located at General Electric, Valley Forge, for
use with Computerized Integrated Test Equipment
(CITE).

SDS 9300 1located at General Electric, Daytona Beach, for

o]
L]

use with CIIE.

[
(]

SDS 930/2200 1located at General Electric, Valley Forge,

for use with the Mission Simulator.

]
L]

IBM 360/44 located at General Electric, Valley Forge,

for use with the Mission Simulator.

[
]

IBM 360/65  located at MDAC, Huntington Beach, for use
with the Laboratory Module Simlator.
2 - Honeywell 24 1located at MDAC, St. Louis, for use with the
1 -Honeywell 324
Gemini B simlator.
4 - SDS Sigma 7 1located at Martin Company, Denver, used with
This equipment has not been Listed Ga the imverbory schedule,
Meanwhile, a review is being conducf:ed throughout SAMSO and the Air Force
Laboratories to determine where it can best be used. Preliminary review

indicates possible uses as follows:
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a,.

b,

Ce

de

€.

IBM 360/30:

(1) By 949 SPO for Command and Control support.
IBM 360/65:

2) By Air Training Command for 949 training.

3) By Aerospace as Government Furnished Equipment
in lieu of presently leased IBM 360/65.

51? By 949 SFO for software development.

SDS 9300:

1) By 949 SPO as driver for user display.

2) By Aerospace as Government Furnished Equipment in
lieu of presently leased SDS 930.

SDS Sigmsa T:

2) By 949 SPO to drive user displays.

3) At MIT in support of advanced technology contracts.

IBM 360/bk:

§1§ By Titan III SPO for continued support of Titan program.

(1) By the 949 SFO in the switching center.
IBM 360 Model:
(1) By Air Force Avionics Laboratory in the Reconnaissance

Central Facility in lieu of presently leased equipment,

Rationale for Proposed Action: The critical need for computers

throughout the Air Force dictates that assignments of a computer must be

based on usability, need,and caﬁability criteria. The computers are associated

with the automated checkout systems and simulators being considered as total

systems elsewhere in this report. Total Air Force requirements, however,

must be considered and the computers, as indicated in the discussion on

disposition priorities, will be reported in accordance with Armed Services
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Procurement Regulations (ASPR). Because the computers were procured on
Air Force contract, the Air Force retains priority over other agencies for
disposition purposes.

Proposed Action: The Group concurs that the computers should be

listed on inventory schedule and dispositioned in accordance with ASFR;
however, disposition should be held in abeyance pending completion of SAMSO
review and review of needs for CAGE, CITE,and fhe similators reported upon
elsewhere in this report. Disposition of the computers should be initiated
after September 1, 1969, if no use for the systems are determined.
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8. Gemini Aerospace Ground Equipment (AGE)

Situation: With the_: inception of the Gemini B-MOL Program, an
official agreement between NASA and the DoD on the "Procedure for Transfer
of NASA Gemini equipment to the USAF for utilization on the Manned Orbiting
Laboratory Proéram,"‘ was consummated July 15, 1966, The NASA, with its
more limited nfaed,- was to obtain articles of AGE hardware on a loan basis
and then return them to the Air Force for their ultimate use, The agreement
also provided for return of the AGE to NASA when the MOL requirement had
been satisfied. The development of the Airlock module for the NASA Apollo
Applications Program used Gemini experience and hardware to the greatest
extent practicable. Aerospace Ground Equipment (AGE) required for the
Airlock was drawn from existing Gemini AGE inventory -and represents about
80% of the hardware required for the Airlock module. Late in 1968, it
became evident that sufficient quantities of certain items were not
available to support menufacturing and forecast launch schedules of both
prog(z:ams. Subsequently, NASA and the Air Force had been working together
to reduce tHe quantity of additional AGE articles needed to support both
programs. ' '

Rationale for Proposed Action: The NASA Airlock program has a

continuing direct application for this equipment. Furthermore, the Air Force/
NASA agreement provides for the return of the equipment to NASA,

Propo'séd' Action: The Group concurs that the Gemini AGE

equipment should be r'eturned to NASA.
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9. Fuel Cells

Situation: Allis Chalmers was developing a 2 kilowatt radiatively
cooled fuel cell for the MOL and possibly for the Apollo Applications
Program (AAP). The MOL Program was funding the engineering development
of the fuel cell and NASA was funding the qualification testing. One fuel
cell has been completed and most of the components exist for two more fuel
cells. NASA requirement for fuel cells on AAP has been recently cancelled.

Rationale for Proposed Action: A proposed FY TO Advanced Develop-

ment Program for fuel-cell development was disapproved by AFSC because of
budgetary considerations. | Air Force Aero Propulsion Laboratory (AFAPL)
FY 70 efforts in Exploratory Development are still programmed to proceed as
planned because there are applications for fuel cells for unmanned satellites,
hard-rock silos and remote-standby power.‘ These efforts consist of component
developments for high performance, high power density, and regenerative
fuels., AFAPL is also working with other Air Force agencies on the possible
deployment 6f a 400 watt fuel cell in another program.

Proposed Action: The Group concurs in the AFAPL request that

the completed units and components be shipped to them for further study, test,

and evaluatiqn.
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10, Attitude Control Engine

Situation: MOL attitude control engines of 22 and 100-1b.
thrust were being adapted from NASA engines. Some thrusters are available
as & result of the ML termination., One 22-1b. thruster has already been
shipped to the Air Force Rocket Propulsion Laboratory (AFRFL) as part of
their request for four engines (2-22 1b, thrust and 2-100 lb, thrust).

The NASA Lewis Research Center will design, build, and test two
complete flightweight space propulsion (research) moduleé. One module

will use Hydrogen-Florine as primary propellants; the other, flox-methane.

They hope to delineate all real spacecraft problems including interactions
such as mutual freezing between primary and secondary propellants, or

the effects of plume heating from the secondary propulsion. For secondary
propulsion, current analyses indicate earth storable by propellant engines
to be the most likely choice,

Rationale for Proposed Action: The engines and components are

no longer required by the MOL Program, but can be used by the AFRFL to
refine an in-house pulse.performance computer-simulation model of attitude
control engines and to complete an in-house project to determine the effects
of attitude-control engiﬁe-exhaust products on optical and resdar wlndows..
This latter program is 80% complete., The results of both these programs
will be made ava:{lable to NASA, _

For direct use in the NASA program, they estimate the need' for 8 to 12
each of the 22-1b, and 100-lb. thrust engines complete with tankage and

feed systems if possible, However, four engines each would be of great
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assistance because additional thrusters could be purchased if these engines
are selected after preliminary system interaction testing. Excess propellant
valves could be used for some of the Viking simulation effort at JFL.

Proposed Action: The Group concurs with the transfer of required

22 and 100-1b. thruster and attitude control engines to AFRPL. The
remaining engines and associated tankage and fuel systems should be

transferred to NASA,
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11. _MOL_Flight Computer

Situation: The IBM 4 Pi Extended Performance (EP) computer and
its peripheral equipment (grinters, keyboard, display unit, auxiliary
memory unit and leboratory date adaptor unit) provided the integrated
on~-board data computation capability. The contract for the computer was
terminated and inventory lists should be availaeble in approximately 90 days.

Rationale for Proposed Action: Proposed uses for the MOL 4 Pi

EP computer include >the Integrated Medical and Behavioral Laboratory
Measurement System (IMBLMS) and the On-board Checkout System (OCS). These

~ systems are being developed by NASA for potential use in future space
programs including the NASA dry workshop, space station, space base, lunar
base, and space shuttle. The technology is also adaptable to other
aserospace and aircraft programs.

The IEM 4 Pi EP computer is a vital part of :bhe IMELMS functional
breadboard and will probsbly be part of the later versions. Prior to the
MOL cancellation, the NASA Manned Spacecraft Center (MSC) had planned to
borrow a 4 Pi computer for six months and then purchase one, |

OCS is being developed to provide on-board checkout of long duration
spacecraft subsystems and experiments. It will be capable of operation in
sutomatic, semi-automatic and manual modes. The 4 Pi EP computer is utilized
in the Martin Company flight packaged OCS development unit to be delivered
to MSC for test and evaluation. One 4 Pi EP computer has already been
purchased for this unit and another is desired to test multi-processing

techniques with two computers.
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Another potential use of the L pi EP computer is to provide experience
for the forthcoming Apollo Telescope Mount L P Tactical Computer (TC)
used for attitude control in the Apollo Applications Program '(AAP) dry
workshop. Both computers are members of the same femily and experience
with one will be beneficial to use of the other.

In addition to the basic IBM L Pi computers and the associated software
and documentation, availsble peripheral equipment such as the laboratory
data adapter unit, keyboard, printer, display, system control panel,
maintenance equipment, auxiliary memory unit, computer subsystem control
are required.

The MOL Ut Pi computer is an extended performance model which may be
useful and needed by Air Force space or aercnautical programs.

Proposed Action: The Group recommends that the Air Force

Aercnsutical Systems Division be made aware of the availability of the 4 Pi
computer equipment, and the total Air Force requirement should be investigated
by the Air Staff (AFRDC). The peripheral equipment should be transferred

to NASA along with a 4 PL computer if available after Ar Force investigé.tion.

35




NRO APPROVED FOR
RELEASE 1 JULY 2015

12, Mgss Measuring Device _
Situaﬁion: The Aerospace Medical Division (AMD) of the Air

Force Systems Command (AFSC) has designed and built a device for use by
the MOL that will measure mass end mass changes within 1% accuracy. The
device was designed to provide this capability over two ranges of masses,
those from 1 gram to 1 kilogram and those from 1 kilogram to 100 kilograms,
These devices represent a new invention by in-house scientists. Patent
applications have been submitted,

Flight prototypes of both the small and human mass devices have been
completed; laboratory testé, including zero gravity Keplerian flight tests,
have been completed and have validated the design and anticipated accuracies.

Flight demonstration of the mass measuring devices has been proposed
by AMD as an experiment for the NASA AAP. The experiments have been approved
by NASA as M=172 Human Mass Measuring Device and M-O74 Small Mass Measuring
Device, |

Subsequently, NASA proposed to use the AF experiment units for
operational measurements over both ranges of mass during the AAP missions.
As a result NASA and AMD re-negotiated the experiméntal protocol and plans
for funding. Air Force participation in this experiment is being carried
by the Air Force Exploratory Development Program in Aerospace Biotechnology.

Flight hardware for these experiments is under procurement.

Rationale for Proposed Action: The availability of an accurate
mass measurement system for measuring small masses and large masses permits ' l

the biologist to undertake an accurate in-flight energy and fluid balance
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program for the first time. Accurate tally of the smount that has been
eaten and drunk by the crewmen can be established. Comparison of this

data with accurate measured data of the diet maskeup permits daily inflight
assessment of energy intake, Measurement of the mass of urinary and

solid waste output permits the establishment of the other side of fiuid
and energy balance only as long as fluid loss through sweating is controlled.
The periodic measurement of total body mass will provide a cross-check of
the accuracy of the daiiy intake-output assessment, Measurement of total
body mass becomes essential in the flight assessment of any biomedical
changes that might occur through severe sweating (i.e. suited operationms,
temporary loss of thermal control of tﬁe vehicle, etc.) or gastrointestinal
upset (i.e. vomiting, diarrhea, etc.). It also provides essential check
data for evaluating the effectiveness of any efforts at replacement of

the fluids lost by the events above. '

Proposed Action: The successful development and flight quali-

fication of the mass measuring devices will provide important tools for

the daily assessment of crew status during prolonged missions. The devices
should be continued to completion of the experiments on AAP, The Air Force
should continue the experimental and operational plans for flight of these

massS measuring units as planned before MOL termination.
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13. MOL-Related Experiments Assigned to AAP

Situation: Two MOL-related experiments have been under Air Force
development to be flown in NASA AAP missions. The first, entitled Suilt
Donning and Sleep Station Evaluation (designated as DO19 by NASA) was
to permit evaluation of the techniques and time required for pressure-
suit donning end for the evaluation of sleep restraints. The second, Alternate
Restraints Evaluation, D020, was to evaluate various crew restraint devices
designed for use in both operating and maintaining equipment. Testing was
to include foot, leg, waist, pelvic and head restraints, MOL tools, task
board and pressure suits. McDonnell Douglas-Western Division has been
under contract for the development hardware has been produced. Manufacture
of flight hardware has not been authorized.

.~

Rationale for Proposed Action: Although the experiments were

planned for direct support of MOL, the problems to be studied are common

to all zero-g manned spacecraft. NASA has a number of complementary
expeiimenta.l activities underway for flight in AAP. It is appropriate,
therefore, for DoD to withdraw the experimenﬁs from thé NASA flight program,
and to transfer the designs and development hardware produced under Air
Force contract to NASA for possible incorporation into NASA experiments

or flight systems.

Proposed Action: It is recommended that the DoD members of the RNASA

Manned Space Flight Experiment Board be instructed to withdraw the request
for NASA to fly DO19 and DO20, and to transfer the experiment design and

development hardware to NASA for their possible experimental or operaifional use,

)
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14, Titan IIIM Hardware and Development Effort

Situation: The termination of the MOL Program and issuance of
cancellation instructions to the Titan IIIM associate contractors seriously
impacted the Titan III B, C, and D programs. Several developments under the
Titan IIIM contracts were planned for and scheduled for integration into
the Titan III B, C, and D production.

Contract Change Notices and RFP's have been issued to Titan III
contractors to continue the essential development efforts under the
appropriate Titan III B, C, and D contracts, Examples of this effort are:
completion of design and fabrication of test equipment, test fixtures, and
similators for re-designed and improved subsystems, completion of
Electromagnetic Interference (EMI) and qualification tests on common avionics
components, completion of development of improved Stage II engine, Stage I
battleship tests, continuing Titan IIIM initiated production of common items
of hardware required for current and follow-on booster buys. The qual-
ification tests of the Thrust Vector Control system will continue through
three additional static firings of the Titan IIIM 7-segment SRM's. The
termination of the Titan IIIM reduced the production base on the common
guidance computer to the point that further purchases have become uneconomical.
A competition will tske place to develop and qualify a new guidance computer
that will have a larger production base than Jjust Titan III; e.g., computer
used by Agena, NASA/Centalu- and aircraft programs, Also, studies are undgrway

to determine the most effective use of the residual technology and equipment
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such as Computerized Aerospace Ground Equipment (CAGE) for use on other

Titan IITI programs,

Rationale for Proposed Action: Failure to complete the essential

developments would result in even greater expense in terminating portions
of current B, C, D program efforts, re-engineering and re-procuring to
earlier configurations, and associated payload program schedule slippages.
Also, payload design and weight constraints have, in many cases, been
relaxed to take full advantage of expected improved launch vehicle cap-
ebilities. Additionally, the CAGE system, which incorporates Sigma 7
computers, represents an advancement in vehicle check out methods and employs
a unique machine launguage and data compression technique which could be
useful to the other Titan III programs. FY 70 and 71 funds are presently
programmed for the updating/modernization of the Aerospace Ground Equipment
(AGE) for Titan III at the Eastern Test Range. Residual Titen IIIM CAGE |
use is proposed.

Proposed Action: SAMSO has received authority to transfer the

essential development efforts to the appropriate Titan ITI contracts for
completion and the group supports the action. Also, the group concurs in
the study efforts that are under way to consider possible application of
the CAGE and residual hardware for use on other Titan III programs. However, .
a determination on the use of CAGE should be made by September 1, 1969, to
allow timely disposition review of the computers in accordance with Armed

Services Procurement Regulations should CAGE not be used as a system.
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1. MOL Support Facilitles

Situation: As a result of the MDL cancellation, three buildings
designed as MOL support facilities at Vandenberg Air Force Base have become
available for other use. The buildixigs are the Engineering and Operations
Building (EOB), Operational Readiness Unit (ORU), and the Operational
Training and Evaluation Facility (OTEF). These facilities are currently
80% complete and are usable structures which can be occupied with some
outfitting of the interiors. SAMSO, based upon agreement between the
6595th ATW commander, the AFWTR commander , and the lst Strategic Aerospace
Division (SAC) commander has proposed to AFSC and Air Force that these
facilities be taken over by resident organizations at Vandenberg.

Rationale for Proposed Action: This course of action has the

following advantages:
a. Vandenberg AFB Headquarters 1s now scattered and poorly

housed., The proposed move would allow the' Headquarters activities to be
properly consolidated under one roof in the area most appropriate to its
function.

b. At the present time, AFWTR occupies a part of the 6595th
ATW Headquarters building and, as a matter of fact, a large addition to this
building is under comstruction for their use., Future plans call for
construction of an additional technical building in this area for the AFWTR,
Thus, the proposed move of AFWIR to the 6595thAA'I‘W Headquarters building
does permit them to consolidate all of their activities in the area most

appropriate to their needs,
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c. Although the 6595th ATW is adequately accommodated in

its present building, the new facilities will be suitable for their needs

and should be done to accommodate a and b, above., Their relocation into

the MOL facilities should also provide for a better interface with contractors

and AFCMD.
Proposed Action: The Group concurs with the proposed re-allocation

of these buildings as planned to the resident organizations at Vandenberg AFB.
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2, Space Launch Complex No. 6 (SLC-6) Facilities

Situation: The SLC-6 includes the launch pad with Mobile Service

and Umbilical towers; fuel and oxidizer facilities; AGE, Complex Support
and Ready buildings; Launch Control Center; Solid Rocket Motor Inspection
and Storage buildings; and small support buildings and utilities.

On the date of the MOL Program cancellation, the SLC-6 was approximately
92% complete. The remaining 8% of effort included primarily the requirement
for the construction contractor to conduct acceptance and demonstration
tests prior to Air Force acceptance at the beneficial occupancy data. The
decision was made to complete the construction, demonstration testing and
Air Force acceptance. The following phases such as AGE installation were
cancelled. The facility will be maintained in a "down mode" caretaker
status. The down mode status involves the minimum operation and maintenance
of critical items that cannot be feasibly removed and stored. The detailed
down mode maintenance plan is being prepa.red by the 6595th Aerospace Test
Wing. The implementation of the plan is to be accomplished by a caretaker
crew consisting of approximately four people from the 6595th ATW and supported
by the 4392nd Civil Engineering Squadron (SAC).

Rationale for Proposed Action: It is the opinion of the group that

the above plans will provide maximum protection of the Air Force investment
and allow potential fubure use at a minimum cost and effort.

Proposed Actions: 'The Group concurs with the assignment of SLC-6

to SAMSO for possible use with current and/or future Titan III programs.
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3. Air Force Satellite Control Facility

Situation: The termination of the MOL Program eliminated the
requirement for the Advanced Data System and the MOL portion of the
Advanced Satellite Test Center (ASTC). Tﬁe ASTC is complete and the
integral power plant is to be completed in September 1969. The current
status is as follows:

a. Advanced Data System was terminated except for the
Remote Tracking Site Tasks and delivery of Control and Display equipment
which was 90% complete (Lockheed).

b. MOL software integration and computer program develop-
ment was terminated (SDC).

¢, MOL software development for Remote Tracking Sites
was terminated (Mellonics).

d. Software modeling contract was terminated; the 360-67
Triplex computer and 360-67 Duplex computer leases were cancelled (IBM).

e. The €DC 6600 -computer lease was cancelled and the associated
operating system development was terminated (coc).

Rationale for Proposed Action: The move of the existing satellite

programs: from the STC to the'ASTC will allow cancéllation of the approved
support facility addition to STC. Consolidation of the software development
test facilities now at Santa Monica and Santa Clara in the ASTC will provide
for efficient and economical software support and facilitate the move of

the satellite programs to the ASIC,
Proposed Action: The Group concurs with the actions that have

been taken and the proposed move into the ASTC,
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4, Recovery Staging Base

Situation: The MOL Program has neg‘otia.ted for the use of the
6200 foot airfield at Easter Island as an recdvery aircraft staging base
in the event of a launch abort. The potential use of this airfield by the
Air Force Western Test Range and/or NASA was considered. The airfield
construction is completed.

Rationale for Proposed Action: NASA has indicated no requirement

for recovery forces in this location and the airfield is not adequate for
the Range instrumented C-135 aircraft use.

Proposed Action: No future action required.
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1. Technological Achievements Suitable for Publication

Situation: Although no new technology was developed, important
adaptations or unique techniques to existing technology evolved in several
areas during the course of the MOL development program. Because of the
particular technology or capability, the f§1low1ng list of items are presented
for consideration as subjects for special papers to be published in order to
provide wide distribution to the scientific and engineering communities.

The production of these papers may require costs for preparation and, in
some cases, only the compilation of test data. Each item should be reviewed
and treated separately on its own merit and on its related applicationm.
a., Cylindrical Structures
The MOL decision to use a waffle rather than a smooth
cylindrical structure on a space vehicle should be of interest to the
engineering/scientific commnity. It is believed that a 25% weight savings
was realized when considering the strength-to-weight relationship. The
Technique to achieve optimum design is unigque, particularly in areas of
combined multi-dimensional skin (MDAC-WD)
b. Bearing Technology
Unigue application of bearing technology allowed
reduction in ripple (noise) in slow moving ball bearings. (GE)
¢. Torquer Technology
Reduction in noise (ripple, cogging, brush noise) in

slow moving torquers. (GE)
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d. Majority Vote Redundancy

A new method for continuous failure mode monitoring
of three redundant electromechanical channels with automatic and instaneous
gselection of the most probeble channel., The theory and hardware being tested -
have potential use on high reliability (man-rated) systems, either aircraft
or bspace vehicles. (MMC)

e. Computerized Aerospace Ground Equipement (CAGE)

CAGE is automated control and checkout system .which
monitors, analyzes, displays, controls, and records data from any test article
in real time., The CAGE system utilizes unique machine language and data
compression techniques., The fully developed CAGE hardware has potential use
in the pre-lsunch and in-flight portions of space programs, flight line
verification of aircraft systems, and large environmental test programs. (MMC)

f., MOL Pressure Suit Assembly (PSA)

This pressure suit is unique in providing the best

performence mobility available in US Aerospace technology today. (AMD)
g. Crew Conditioning Unit (CCU)

The CCU is a unique exercise device which the space
crewman uses to quantitatively exercise selected body/muscle systems and to
stablize cardiovascular deconditioning resulting from prolonged exposure to
weightlessness. (AMD) |

h. Manned Space Radiation Dosimetry
The Charged Particle Spectrometer (CPS) and the Active

Biological Dosimeter (ABD) are a pair of unique instruments which provide
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a means of measuring space radation and relating it to the dose received by

the crewman in the spacecraft. The CPS can also provide data useful in the

prediction of the solar events as they relate to mission programming. (AMD)
i. Mass Measurement Unit (MMU)

The MMU 1s a unique device developed to accurately
measure the weight/mass of a man in the weightless state in order to evaluate
his water balance relative to the effects of the flight environment and the
quality of life support. A report on the MMU prototype has been published
by AMD School of Aerospace Medicine. (AMD)

J. Monitor and Alarm Subsystem (MAS)

The MAS monitors those functions which have been}detemined
critical either to the safety of the crew or to the completion of the mission.
It provides an oral and visual alarm (warning or caution) output in event
of an out of tolerance condition., The MAS accepts data inputs, and provides
output which activates visual and oral alarm, caution and warning pronunciators,
and automatic master circuits. (MDAC-WD)

Rationale for Proposed Action: The techniques involved in each

of the preceeding areas should be carefully screened by the applicable
Air Force laboratory to insure its usefulness and desirability to the
scientific and engineering community.

Proposed Action: The Group recommends that the MOL Program Office

in conjunction with the Director of Laboratories should take appropriate

action to have the papers published.
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2, MOL Crew Whole-Body Exerciser

Situation: The Aerospace Medical Divisién (AMD) of AFSC has
designed in-house a crew exercising apperatus to be used by the MOL crew
during flight. Proper use of the apparatus wa;; expected to counter the.
physiological deconditioning of the men due to weightlessness during the
mission. The design of the apparatus permits the flexible scheduling of
sufficient daily physical exercise during flight in a manner that the men
are maintained within accepteble medical and physiological bounds. This
apparatus represents a new invention by in-house scientists.

The design of the MOL vehicle flight prototype of the apparatus was
nearing completion at the contractor at termination of the program.
Laboratory prototypes of the flight model were complete, Similar units
used for collecting ground data during bed rest (yeightless analogue)
studies have been constructed and are under test at AMD. These units were
to be used in the training of the crewmen.

The MOL Program end AMD proposed an experiment for testing the exerciser
on the NASA AAP. The objectives of the expériment would test the adequacy
of the engineerix_lg design, verify the crew interfaces ﬁth the apparatus,
and provide a cross-check of the flight results with that seen during the
ground studies. The NASA Aeromedical Scientific Advisory Group requested
the MOL and AMD to undertake a more comprehensj.ve study than the initial
experimental prototype because the use of the exezjciser, if shown to be
adequate, offered great promise for the maintenance of crew conditioning
during prolonged weightless flighf. If the concept of whole~body exercise
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is demonstrated, NASA then could consider the approach for long termed
conditioning of crewmen. They recommended, as a first step, the undertaking
of scientific ground study to verify the Whole-Body Exercise concept as well
as the demonstration that the exercise unit is capable of pfoviding the
exércise levels desired, The NASA committee's recommendations were accepted
by MOL and AMD and the ground studies were underway in the USAF School of
Aerospace Medicine at MOL termination.

Rationale for Proposed Action: Analysis of the physiological changes

observed in space crews to date indicate that an adequate exercise program
may provide the best single and the most versatile approach for maintaining
crew conditioning to within adequate limits 'during prolonged weightless
flight. Demonstration of the validity of this approach through both ground
studies and flight offers to future programs an a.lternate~to the provision
of artificial gravity now expected to be needed for crews during long
missions,

Proposed Action: This approach to crew conditioning and the

associated hardware development are of such potential importance to future
long termed manned space-flight that the following actions: should be required:
a. Because this approach is an "in-house Air Force invention"
and the NASA operations has expressed a degree of reservation on its use
until proven, the Air Force should continue the lsboratory studies to a
point of confirming the adequacy of both the concept and the equipment.
b. After demonstration of the concept, the Air Force should

undertake negotiations with NASA to either confirm the concept and equipment
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as an experiment or, as in the case of the mass measuring units, develop
a joint program for flight testing and operational use of the concept and
equipment.

c. To achieve a and b above, the program for "whole-body
exercise" be incorporated into the Air Force Exploratory Development Program

a8 soon as possible.
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3. _Expandable Structures
Situation: Expandable Airlock (DO21) and Expendable Reentry

Structure (D022) Experiments were approved in 1967 for testing on the NASA
Saturn IVB Orbital Workshop under the assumption that expandable structures
might find application on manned spacecraft which were follow-on to MOL. An
Advanced Development Program on Expandable Structures was programmed for
$1.5M in FY 70. Major emphasis was to be given to manned spacecraft
applications.

FY 70 Exploratory Development Funds for the experiment are withheld.

No FY 70 funds are apportioned for the Advanced Development Program.

Rétionale for Proposed Action: With the termination of the MOL

Program and the re-orientation of the NASA Orbital Workshop, no FY 70
Exploratory Development Funds should be expended until NASA's programs
become firmer, The proposed Advanced Development Program was also tied

in part to manned spaceflight applications. AFSC recommended, that no FYA TO
funds be apportioned because of budget restrictions and relative priorities.
The termination of MOL served only to reinforce this position.

Proposed Action: The Group concurs with the plan to withhold

funds for D021 experiment until NASA's plans are firmer. Since the hardware
is complete, the Director of Laboratories should explore with NASA the

future of this experimenﬁ. The D022 experiment should be cancelled.
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V. PLANNING CONSIDERATIONS

A, AEROSPACE BIOTECHNOLOGY

1, Background

The cancellation of the MOL Program eliminated the only DoD
manned spaceflight program., The question arises as a result of this action .
as to whether the Air Force should continue or discontinue the development
of space-related blotechnology for man and man-support systems.

Appendix F summarizes the AMD analysis of the impact of MOL cancellation
on the program element "Aerospace Biotechnology." The major part of the
RDT&E program